A 74-year-old man developed fever, somnolence, hyponatremia, and life-threatening sinus bradycardia for three weeks. He showed a slight elevation of lymphocyte count and protein level in the cerebrospinal fluid. A brain CT scan revealed a diffuse low density area around the hypothalamus which was identified as a high intensity signal by flair MR imaging. Marked sinus bradycardia developed with no abnormality in the echocardiograph or cardiac enzymes. Over the next 6 weeks he became alert and normal sinus rhythm resumed. The results of endocrine tests were compatible with hypothalamic insufficiency with partial hypopituitarism and the syndrome of inappropriate secretion of ADH. (Internal Medicine 40: 805-807, 2001) 
Introduction
Hypothalamic hypopituitarism following meningoencephalitis is a very rare event (1) (2) (3) (4) (5) (6) . To define the site of the lesion as being in the hypothalamus or pituitary gland, extensive endocrine tests (2) (3) (4) (5) or pathological examinations (1, 6) have been performed, but visualization of the hypothalamic lesion by CT scan or MR imaging was not obtained in the previous reports. It is well known that acute cerebrovascular events induce central nervous system-mediated electrocardiographic (ECG) abnormalities. A clinical review of ECG changes associated with subarachnoid hemorrhage and stroke showed that sinus bradycardia occurred in up to 51% of patients, probably due to an effect on the hypothalamus (7), but a case of sinus arrhythmia due to meningoencephalitis has been rarely documented (8, 9) .
Wereport a case of hyponatremia and life-threatening bradycardia associated with hypothalamic encephalitis which was clearly visualized by CT scan and MR imaging.
Case Report
A 74-year-old manhad noticed general fatigue, fever, and cold-like symptoms for a week. He had developed gait disturbance, drowsiness, and inattention over the next few days, and was hospitalized in a local neurosurgery clinic on August 31, 1999. Physical examination revealed somnolence and meningeal irritation with low-grade fever. There were no abnormal findings in the cranial nerves, or the cerebellar and motor functions. Blood chemistry showed normal levels of glucose, NH3, electrolytes, and arterial gas. The cerebrospinal fluid (CSF) examination showed a mild elevation of the cell count, at a level of 23/| ll1 (lymphocyte 19, neutrophil 4). No serum viral titers were elevated, including herpes simplex virus, cytomegalovirus,Epstein-Barr virus, coxsackie virus A7, A9, B3, B4, B5, Japanese encephalitis virus, influenza A virus, and measles virus. Electroencephalograph revealed diffuse slow waves. On September 7 a brain CT scan revealed a low-density area in and around the hypothalamus, which was identified as a high-intensity signal by T2-weighted spin echo and flair MRimaging (Fig. 1) . The sella tunica was largely filled with CSF and the volume of the pituitary gland was smaller than normal, indicating the existence of the empty sella. Over the next few days he developed Cheyne-Stokes respiration and sinus bradycardia. He closed his eyes without pain stimulus, showed confused verbal responses, and localized pain but could not obey commands. On September 10 he was referred to Shinshu University Hospital. On admission his electrocardiogram revealed sinus bradycardia without ST-segment, T-wave and AVconduction abnormalities.
He showed no myocardial abnormality on echocardiography and normal serum cardiac enzymes. The bradycardia was so severe, with the heart rate less than 30 per minute, that a temporary pacemaker was implanted. Repeated CSF examination showed normal intracranial pressure, a cell count of 8/jil, protein 46 mg/dl, and IgG 6.3 mg/dl. Serum Na was 119 mEq//, K 4.9 mEq//, and uric acid 2.7 mg/dl (normal 3.7-7.6 mg/dl). Wesuspected the syndrome of inappropriate antidiuretic hormone secretion (SIADH), adrenal crisis, or hypothyroidism secondary to hypothalamic-pituitary dysfunction, so cortisol and thyroxine were administrated at a dose of 100 mg and 80 \ig daily, respectively. Serum osmolality was 239 mOsm/kg and urine osmolality 623 mOsm//, but plasma antidiuretic hormone (ADH) was 0.7 pg/ml (normal 0.3^.2 pg/ml). However, the results of endocrine tests obtained on admission showed the patient to be euthyroid and no hypocortisolemia was detected (Table 1A) . Because SIADH was apparent, westopped the hormone supplement, restricted water, and administered 3% NaCl solution. Three days later, the serum level of Na rose to 131 mEq//, but his consciousness disturbance and bradycardia improved little. CT scan revealed no new lesions suggestive of central and extrapontinemyelinolysis. Over the next two weeks, the bradycardia persisted, so a permanent pacemaker was implanted on September 28. From the beginning of October, the patient's consciousness level gradually improved and normal sinus rhythm resumed. Electroencephalograph revealed normal a waves and the score in the Minimental State Examination was 28 (out of 30). Endocrine functions were evaluated 2 months after the cessation of hormone supplemention. Diurnal rhythm of serum cortisol and adrenal response to exogenous ACTH werenormal, but the morning serum cortisol level was lower thannormal.The anterior pituitary hormones including growth hormone (GH), luteinizing hormone (LH), and follicle stimulating hormone (FSH) were normally stimulated by each releasing hormone (Table IB) . The prolactin level was high and ACTH concentration failed to increase after injection of corticotrophin releasing factor (CRF). Responses of ACTH, GH, and ADHto hypoglycemic stimulation were poor (Table 1C) . At the beginning of November the patient had recovered sufficiently to resume daily activities, and was discharged.
Discussion
It is known that hypothalamic pituitary insufficiency may develop after tuberculous meningitis, but other causes seem to be extremely rare. Sporadic cases of hypothalamic hypopituitarism following acute viral meningoencephalitis have been reported (1) (2) (3) (4) (5) (6) , and the causative viruses were isolated in 12 cases: herpes simplex in four (3, 4) , influenza A in two (1, 3), Coxsackie virus B in two (2), varicella-zoster virus in 1, mumps virus in 1, Southern St virus in 1, polio virus in 1; the viruses were undetected in the other 4 reported cases (2, 3,.5). The spectrum of the hormonal disturbance includes hypothyroidism (2, 4), adrenal insufficiency (3, 4), and diabetes insipidus (2, 3, 5) .
We consider that the hyponatremia in this case was mainly due to SIADH and adrenal insufficiency might have worsened it because repeated blood examinations revealed a low basal level of serum cortisol and ACTH responded poorly to CRF injection. Several data strongly indicated hypothalamic failure: the high level of prolactin and very poor response ofACTH, ADH, and GH to hypoglycemia. Hyperprolactinemia is commonly observed in patients with hypothalamic failure because the basal prolactin level is normally under tonic inhibition by the hypothalamus. Hypoglycemia primarily acts on the mediobasal hypothalamus and induces elevation of counter-hormones to increase the blood glucose level. An empty sella at this age may or may not be significant, and the possibility of a pituitary lesion cannot be completely ruled out. Based on these considerations and the distinct hypothalamic lesions identified by CT scan and MR imaging, a diagnosis of hypothalamic dysfunction due to encephalitis was made. Onthe other hand, bradycardia can be one of the electrocardiographic abnormalities associated with subarachnoid hemorrhage and stroke (7), but few cases associated with meningoencephalitis have been reported (8, 9 ). An autopsy case of herpes simplex encephalitis presenting as the sick sinus syndrome was described, where neuronal loss and the presence of inflammatory cells in the diencephalon were documented (8).
The exact intracranial pathological link to bradycardia is still obscure. At least in experimental animals, stimulation of the lateral and posterior hypothalamus results in a massive sympathetic outflow and causes tachycardia (10) , so damage to the hypothalamus might well be the cause of bradycardia.
Coxsackie viruses may produce myocarditis and meningoencephalitis (2) . In most myocarditis, the electrocardiograph shows abnormalities with ST segment, T-wave, or AV conductions. The present patient showed only sinus bradycardia on electrocardiograph and no myocardial abnormality on echocardiograph, and normal serum cardiac enzymes. We considered that his bradycardia was not a result of myocardial damage by virus infection but was caused by hypothalamic failure due to encephalitis. It is not exactly known how often hormonal deficiency occurs during and after acute meningoencephalitis, but hypothalamic-pituitary dysfunction might be a more common sequelae than is currently reflected in the literature. Bradycardia could be an initial symptom in leading us to suspect hypothalamic failure, and careful endocrine function studies might suggest a hypothalamic cause for the patient's bradycardia.
